Introduction
As human beings, we are strongly motivated to build social ties with one another, giving us a sense of belonging and connectedness. The experience of social rejection is highly distressing, and has been related to negative affectivity and mental health problems, including depression and anxiety (Nolan et al., 2003; Prinstein and Aikins, 2004; Rigby, 2003) . It has also been argued that the neural correlates of social rejection may overlap with those of physical pain, including the dorsal anterior cingulate cortex (ACC) and insula (Eisenberger, 2012) . While an earlier meta-analysis of fMRI studies of social exclusion provided some support for common brain activation patterns, minimal evidence was present for the role of the dorsal ACC; rather, a more rostral section of the ACC was implicated, along with the medial orbitofrontal cortex (OFC) and anterior insula (Cacioppo et al., 2013) . As a number of new empirical investigations have been conducted on this topic over the last few years, we aim to confirm the reliability of these results using a coordinate-based meta-analysis of a substantially larger sample of studies. We also extend on prior work by identifying neural correlates of social exclusion that are specific to developmental samples given the heightened sensitivity to peer rejection during adolescence (Sebastian et al., 2010b; Somerville, 2013) .
With the onset of puberty, adolescents become more socially oriented than children, spending up to a third of their waking hours with peers (Hartup and Stevens, 1997) . However, this developmental period can also be characterised by potentially unstable peer relationships, with research showing that only half of close friendships endure for longer than a year (Değirmencioğlu et al., 1998) . There is also extensive antagonism between and within peer groups; higher-status members often ridicule lower-status members of the same group, and group members tend to make fun of those outside of their group (Adler and Adler, 1998) . Moreover, these changes are accompanied by increased affective salience of social events (Steinberg and Morris, 2001) , including greater sensitivity to rejection and acceptance by peers (Nelson et al., 2005) . Along with these behavioral changes, there is significant neural development in regions sensitive to social exclu-sion listed above (rostral ACC, medial OFC, and anterior insula), as well as other regions which may be implicated in peer rejection. This includes changes in activation of subcortical regions to affective stimuli, cortical midline and temporo-parietal structures supporting social-cognitive processes, and lateral prefrontal cortices involved in inhibitory control (Crone and Dahl, 2012) . As such, it seems likely that the neural correlates of social exclusion may differ in the developing brain compared to one that has reached adult levels of maturity.
Functional neuroimaging research on social exclusion in both adults and adolescents has most commonly employed the Cyberball paradigm (Williams et al., 2000; Williams and Jarvis, 2006) , where participants are excluded from a ball-tossing game by virtual players with pre-programmed actions. Most versions of this task lead participants to believe that virtual players are real individuals at other sites, though some researchers have not used deception given that feelings of distress are also reported when participants are aware that they are being excluded by computer players (Zadro et al., 2004) . The traditional Cyberball design involves two runs: the first is an inclusion run where participants receive the ball approximately a third of the time (i.e. fair play), and the second is an exclusion run where, following a brief period of fair play, the other players stop throwing to the participant for the remainder of the run. This task, first used in the MRI scanner by Eisenberger and colleagues (2003) to examine the neural correlates of social exclusion in a convenience sample of undergraduates, has since been used to study neural responses to social exclusion in clinical populations, including individuals with autism (Bolling et al., 2011b; Masten et al., 2011a) , depression (Groschwitz et al., 2016) , alcohol dependence (Maurage et al., 2012) , and schizophrenia (Gradin et al., 2012) . Within non-clinical samples, researchers have examined individual differences in neural responses to social exclusion, including the effect of social support (Nishiyama et al., 2015; Onoda et al., 2009 ), attachment style (DeWall et al., 2012 , and rejection sensitivity , to name a few examples. The paradigm has also been modified to compare neural responses to differing forms of rejection (i.e. micro-vs. sustained rejection; Kawamoto et al., 2012) , as well as differing perpetrators (i.e. gender: Bolling et al., 2012, and in-vs out-group members: Masten et al., 2011d) . While most of these studies have used undergraduate convenience samples aged approximately between 18 and 25 years, a number of studies have also focused specifically on developing (primarily adolescent) samples to examine developmental correlates of social exclusion (Bolling et al., 2011a; Falk et al., 2014; Puetz et al., 2014; Will et al., 2016) .
Aside from Cyberball, the most commonly used paradigms in this field of research are social evaluation tasks, such as the Social Judgment and Chatroom tasks. The former paradigm was used to differentiate competing accounts of the dorsal ACC's role in social pain and expectancy violation, given that greater activation of this region during exclusion as compared to fair play in Cyberball may relate to participants receiving the ball less than they expect (Somerville et al., 2006) . In both the Social Judgment and Chatroom tasks, participants are asked to evaluate unfamiliar peers based on photographs and subsequently receive feedback about whether these same individuals are interested in them (Guyer et al., 2008; Somerville et al., 2006) . Both paradigms are able to differentiate neural responses associated with social feedback (i.e. negative or positive) from those related to expectancy violation (when feedback matches participants' initial judgments). Similarly, another study employed a virtual task of others accepting or rejecting the participant's handshake . While all these paradigms attempt to directly exclude the participant, a few other tasks aim to elicit feelings of exclusion less directly, or even specifically examine the neural correlates of witnessing others being excluded. For example, studies have examined neural responses to rejection cues in the form of pictures and words related to social exclusion (Premkumar et al., 2012; Sebastian et al., 2010a) , or used Cyberball to show others/peers being excluded (Beeney et al., 2011; Masten et al., 2013; Meyer et al., 2013) .
Aims/hypotheses
Given the number of recent neuroimaging studies using Cyberball and associated social exclusion paradigms, the current study employed coordinate-based meta-analytic methods to identify neural activation patterns of social exclusion in the functional MRI literature to date. We specifically used activation likelihood estimation (ALE) implemented in the GingerALE software (Eickhoff et al., 2009 ) to compare activation patterns across individual studies and identify brain regions that have been consistently associated with social exclusion. This technique is a widely used and validated method for quantitatively analyzing voxelwise neuroimaging foci (Kober and Wager, 2010) . We aimed to confirm and extend on the previous meta-analysis of social exclusion (Cacioppo et al., 2013) by incorporating a number of new empirical studies using Cyberball, as well as fMRI studies using other social exclusion paradigms. In addition, as the results of meta-analyses can be affected by variations in study design, we ran a separate analysis of Cyberball studies alone, specifically focusing on studies that involve the participant being excluded (as opposed to witnessing others being excludedreferred to hereafter as "others-Cyberball"). Furthermore, we examined potential design considerations within the Cyberball literature by comparing the two most commonly used "traditional" (one period of inclusion followed by one period of exclusion) and "alternating" (interspersed periods of inclusion and exclusion) designs. Unfortunately, we were unable to run separate analyses for other paradigms due to insufficient sample size (i.e. there were too few neuroimaging studies employing each of these alternate non-Cyberball paradigms). Finally, this study also explored differences in the neural correlates of social exclusion during development, given the continued maturation of brain regions underlying social processes from late childhood into and through early adulthood (Crone and Dahl, 2012) . We performed separate analyses for Cyberball studies using developing (defined as 7 to 18 year olds) and emerging adult samples (broadly defined as convenience undergraduate samples), as well as a subtraction analysis to identify differences between these two age groups in brain regions activated by social exclusion using Cyberball (following Silverman et al., 2015) .
Method

Study selection
Studies investigating neural correlates of social exclusion were identified from PubMed and Medline using the following search terms: 1) social rejection OR social exclusion OR ostracism AND 2) MRI OR fMRI. These searches yielded a total of 216 non-replicated studies. Seven additional potentially relevant studies were identified from reference lists of other articles. Studies were deemed eligible for inclusion in the meta-analysis if they met all of the following criteria: 1) were empirical investigations (i.e. not review articles), 2) employed fMRI, 3) reported group main effects of an exclusion/rejection condition relative to an inclusion/acceptance condition, 4) studied healthy samples, and 5) reported peak activation coordinates from whole brain analyses (i.e. could not employ region-of-interest analyses alone).
Of the 216 studies, 116 did not meet the inclusion criteria based on the abstract alone. More in-depth review of the remaining articles found that 29 articles also did not meet the inclusion criteria for reasons such as being reviews, not employing social exclusion paradigms, not using fMRI, examining romantic rejection, and only employing a social exclusion paradigm for mood induction. Of the remaining 71 articles, 51 employed Cyberball paradigms (4 of which used the others-Cyberball task), 16 employed Social Judgment/ Chatroom paradigms, and 4 employed other tasks. Of these 71 studies, 24 did not meet inclusionary criteria due to failure to report main effects of a healthy group (i.e. only provided results comparing healthy vs. atypical samples) and 10 did not conduct whole brain analysis (these counts are not exclusive of each other -i.e., some studies failed both inclusionary standards). Overlapping samples were identified in two pairs of studies, either based on reported demographics or consultation with investigators. Masten and colleagues used the same sample to examine neural correlates of being socially excluded (Masten et al., 2011a) and, subsequently, witnessing others being excluded . Bolling and colleagues' (2011a) sample of healthy adolescents were also used as controls in comparison to a clinical sample (Bolling et al., 2011b) . Given that overlapping samples can introduce bias from non-independence of observations, in each case we chose to include the initial study alone. This resulted in a final set of 40 studies that met inclusionary criteria. Refer to Table 1 for an overview of these studies. Two Cyberball studies that provided main effects combining across both healthy control and clinical samples were included in this list (Domsalla et al., 2014; van Harmelen et al., 2014) . However, we report findings from analyses that exclude these samples as well.
Statistical meta-analyses
GingerALE v2.3.6 was used to conduct the random effects ALE meta-analyses (Turkeltaub et al., 2002) . In this procedure, the peak coordinates for relevant contrasts from the pooled studies are used to obtain activation likelihood estimates for each voxel using three main steps. Firstly, the spatial uncertainty of each individual activation focus is modeled using a three-dimensional Gaussian probability distribution, the width of which is determined from the number of subjects in the associated study. The three-dimensional probabilities of all activation foci in a given study are then combined for every voxel, producing a modeled activation map. The union of these study-specific maps produces the non-thresholded voxel-wise ALE map that represents the Note: N (M) = total sample size (number of males). "Others-Cyberball" involved participants watching others/peers playing Cyberball. Design sub-analyses all represent block designs unless noted otherwise (i.e. as event-related).
convergence of results from all the studies across the brain. The significance of this non-thresholded ALE map is then tested by comparison with an empirically defined null distribution map. As opposed to testing for above-chance clustering of individual foci, the current version of GingerALE assesses above-chance clustering of activated foci between studies, thus enabling random-effects inference. The significance of the statistical map of p values was determined using a cluster-level inference corrected threshold of p < 0.05, 5000 thresholding permutations, and an uncorrected p-value of < 0.001 (Note: this version of the software has addressed a previous error in GingerALE that resulted in inferences on uncorrected cluster-level p values as opposed to FWE corrected clusters; Eickhoff et al., 2016) . All analyses were conducted in MNI space, and studies that reported coordinates in Talairach space were grouped together and transformed into MNI space using the icbm2tal transformation function in GingerALE (Lancaster et al., 2007) .
Sub-analyses
Using these statistical methods, a series of ALE analyses were conducted on the final set of 40 studies, labeled: 1) Social Exclusion, 2) Cyberball, 3) Developmental and 4) Design.
We began by conducting the Social Exclusion analysis that incorporated all fMRI studies in this area of research. There were 40 studies that met the inclusion criteria, with a total of 1122 participants available for the overall ALE analysis. This number of studies is consistent with prior ALE analyses (Silverman et al., 2015; Wagner et al., 2014) . We subsequently ran the Cyberball analysis that consisted of studies using this paradigm to induce feelings of being excluded in participants (omitting others-Cyberball studies). This analysis included 29 studies with a total of 857 participants. Given that only 10 studies meeting our inclusionary criteria used non-Cyberball paradigms, with only one or two studies using each specific task, we were unable to perform a separate analysis for each of these tasks. Considering that these tasks were highly varied, we did not run a separate sub-analysis to examine ALE results across the non-Cyberball paradigms. However, the analysis of Cyberball studies allowed us to examine whether neural correlates varied when studies using the other tasks were excluded.
Next, we ran the Developmental analysis that separates studies using late childhood up to late-adolescent samples (referred to as "developmental" samples; i.e. 7 to 18 year olds) from those using lateadolescent or young adult samples (referred to as "emerging adult" samples; i.e. undergraduate samples and/or 18 to late-20 year olds). Three studies included in the Cyberball analysis were not included in the Developmental analysis for the following reasons: two studies presented main effects across developing and emerging adult groups (Gunther Moor et al., 2012; Sebastian et al., 2011) and one study was comprised of older adults, with a mean age of 41 years (Gradin et al., 2012) . This left a total of nine studies with 248 participants in the developmental sample, with a mean weighted age of 13.5 years and overall range of 7 to 18 years. In comparison, there were 17 studies with 516 participants in the emerging adult sample. Estimated weighted mean age in the emerging adult sample was 22.9 years from the 15 studies that reported the mean age of their sample. Two studies merely described their sample as being composed of undergraduate students, making it difficult to know the exact age range of the participants. However, we hypothesize the range as being between 18 and late-20s/early-30s.
Finally, we ran the Design analysis that separates Cyberball studies based on their use of the differing paradigms. The majority of Cyberball studies either employ the traditional design that involves one extended period of inclusion/fair play followed by an extended period of exclusion (usually one run for each condition) or an alternating design interspersing blocks of inclusion/fair play and exclusion. Five Cyberball studies were excluded for employing designs that did not clearly fit either of these categories (e.g., Novembre et al., 2015 presented 3 inclusion blocks followed by 5 exclusion blocks and another 2 inclusion blocks). This left a total of 16 studies with 530 participants in the traditional sample compared to 9 studies with 222 participants in the alternating sample.
A minimum of 8-10 studies is required to obtain valid results from ALE analysis (as reported in Wagner et al., 2014) , and all our subsamples (i.e. developmental, emerging adult, traditional, alternating) meet this requirement. In addition, we ran subtraction analyses of developmental vs. emerging adult subsamples and traditional vs. alternating design subsamples to identify differences associated with age and paradigm design, respectively. However, it should be noted that a minimum of 15 studies in each group is recommended when using GingerALE's subtraction analysis, and as such, our subtraction analyses may not have enough power to detect subtle differences due to the more limited number of developmental and alternating design studies. 
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Social exclusion analysis
The ALE meta-analysis of all 40 studies on social exclusion revealed four clusters of convergence. As illustrated in Fig. 1 (and Video 1), the main brain regions that were reliably activated during conditions of social exclusion were located in one large medial bilateral cluster including the ACC (encompassing perigenual and subgenual portions) and extending into the ventromedial PFC and medial OFC. There was also activation within one left PFC cluster encompassing the ventrolateral PFC and lateral OFC, one cluster in the left posterior cingulate, and one in the right posterior cingulate extending into the precuneus (see Table 2 for corresponding MNI coordinates). When excluding the two studies that reported main effects for exclusion combined across clinical and healthy groups, the two posterior cingulate clusters were no longer present. However, one additional novel cluster was evident in the right dorsomedial PFC (refer to Table S1 ).
Supplementary material related to this article can be found online at http://dx.doi.org/10.1016/j.neuroimage.2017.02.050.
Cyberball analysis
Meta-analysis of the 29 Cyberball studies that met inclusion criteria revealed the same four clusters of convergence (although with slightly varying peaks and extents) as the Social Exclusion analysis. The main brain regions that were reliably activated during conditions of exclusion relative to inclusion (or fair play) were located in the bilateral medial PFC, left ventrolateral PFC extending to lateral OFC, and bilateral posterior cingulate (see Table 3 for corresponding MNI coordinates). However, the right posterior cingulate cluster was no longer present when excluding the two studies with clinical samples. In addition, one cluster of convergence was present in the right precentral gyrus (refer to Table S2 ).
Developmental analysis
The meta-analysis of nine Cyberball studies using developmental samples identified two clusters of convergence, and analysis of the 17 studies using emerging adult samples also produced two clusters of convergence. As illustrated in Fig. 2 , clusters were located in the right ventral striatum (VS), and left ventrolateral PFC extending into the lateral OFC in the developmental sample. In emerging adults, activation was present within a large bilateral medial cluster encompassing the perigenual and subgenual ACC, ventromedial PFC and medial OFC and in the left posterior cingulate (see Table 4 for corresponding MNI coordinates). This latter cluster was not present when excluding studies that combined healthy and clinical samples (refer to Table S3 ).
Subsequent subtraction analysis of the developmental and emerging adult convergence maps revealed significantly greater activation likelihood in the right VS in developmental compared to adults. Exclusion of the two adult studies that incorporated clinical samples did not change this result. No regions were found to be significantly more active in the inverse contrast (i.e. emerging adult > developmental).
Design analysis
Finally, ALE meta-analysis of the 16 Cyberball studies with traditional designs identified similar clusters to those present in the full Cyberball sample, as highlighted in Fig. 3 and Table 5 . In comparison, only one cluster in the medial OFC extending towards ventromedial PFC was identified from the nine alternating design studies. Nevertheless, subtraction analysis comparing these two designs did not identify any significant differences. Given that variation in analytic strategy may have influenced these results, we re-ran the subtraction analysis excluding studies that used event-related analyses as opposed to the more frequently employed block designs (only one of the alternating and five of the traditional design studies employed eventrelated statistical analyses). The subtraction analyses still failed to identify any differences, suggesting that the absence of differences between traditional and alternating designs cannot be attributed to noise introduced by collapsing across different analytic strategies.
Discussion
The current study employed a quantitative meta-analytic approach to identify neural correlates of social exclusion based on a synthesis of the literature to date. There were three main aims of the study: 1) identification of the neural correlates associated with social exclusion across the different paradigms employed in fMRI research, 2) investigation into neural correlates of Cyberball studies alone, and 3) exploration of differences in brain networks underlying social exclusion within developmental (i.e. late childhood up to late adolescence, 7-18 years) and emerging adult (i.e. late adolescence and young adults, 18-30 years approximately) samples. In studies examining the neural correlates of social exclusion using various paradigms, results revealed activation of the bilateral medial prefrontal and posterior cingulate cortices (extending into the right precuneus), as well as left ventrolateral PFC extending to lateral OFC. Similar activation patterns were identified when restricting the analysis to Cyberball studies, with the lateral prefrontal findings being driven by (i.e. present in) developmental samples and the medial prefrontal and posterior cingulate findings being driven by the emerging adult samples. In addition, the VS was implicated when the developmental samples experienced exclusion in Cyberball studies. We also explored whether the neural correlates of social exclusion differed depending on the design of the Cyberball paradigm, and failed to identify any significant differences between traditional and alternating designs.
Our main findings from the overall analysis of all fMRI studies on social exclusion (meeting our inclusionary criteria) revealed activation of a large bilateral medial prefrontal cluster encompassing the perigenual and subgenual ACC, ventromedial PFC, and medial OFC. There was also activation within a smaller cluster in the left lateral PFC, including the ventrolateral PFC and lateral OFC. Finally, activation was identified within the left posterior cingulate and right posterior cingulate cortex extending into the precuneus, although the latter cluster was not present when excluding two studies that incorporated clinical samples. Restricted analysis of Cyberball studies revealed a highly similar pattern of activation, which is not surprising given that 29 out of 40 studies used this paradigm. Therefore, while we speculate that similar neural correlates underlie exclusion as experienced by these different paradigms, we also acknowledge that our analyses were unlikely to reveal differences produced by non-Cyberball paradigms.
Activation within the perigenual and subgenual ACC is thought to be an important marker of sensitivity to social stressors (including peer rejection), having been found to be more active in individuals with lower rejection sensitivity (Burklund et al., 2007) and also more responsive to negative stimuli in depressed populations (Chen et al., 2007) . Furthermore, activation within this region may be a marker of risk for future depressive symptoms (Masten et al., 2011b) . While the exact mechanisms underlying this region's sensitivity to social stress remains unknown, activation may be interpreted as: 1) altering subjective emotional experiences, resulting in more acute emotional responses and negative interpretations of social interactions, 2) reflecting an inability to adequately regulate emotions arising from negative events, and/or 3) producing greater mentalizing about negative peer interactions, potentially leading to chronic rumination. Also falling within our medial cluster of activation, ventromedial PFC and medial OFC activation likely reflects engagement in social cognitive processes, consistent with past research that has associated these regions with social and self-relevant evaluative processes (Burnett et al., 2011; Pfeifer et al., 2013 Pfeifer et al., , 2011 . In comparison, activation within the ventrolateral PFC/lateral OFC cluster is consistent with its hypothesized role in emotion regulation, thus potentially representing regulation of distress or negative affect following exclusion. Supporting this distinction between the medial and lateral prefrontal cortices, Masten and colleagues (2009) found that greater ACC activity was related to greater self-reported distress from exclusion during Cyberball, while greater ventrolateral PFC activation was related to less distress; this latter association (but not the former) was also supported by Kawamoto et al. (2012) and Bolling et al. (2012) . The precuneus and posterior cingulate cortices, dominant hubs of the default mode network, are thought to support mentalizing processes, facilitating an individual's ability to comprehend or interpret other people's thoughts, feelings and intentions (Beer and Hughes, 2010; Frith and Frith, 2003; Hyatt et al., 2015) . Engaging in such perspective taking is also aided by self-guided mental imagery, which has consistently been shown to involve the precuneus (Cavanna and Trimble, 2006) . Within the context of experiencing social exclusion or rejection, activation within these regions could potentially reflect social cognitive processes involved in understanding the mental states of the perpetrators (e.g., considering their motives for committing the rejection).
An important extension of the current meta-analysis was the examination of neural correlates of social exclusion during adolescence, given the surge in social cognitive research focused on developmental samples (Pfeifer and Blakemore, 2012) . Our meta-analysis of Cyberball studies revealed different activation patterns associated with social exclusion during late childhood through mid/late adolescence compared to late-adolescence through early adulthood. While the medial PFC and posterior cingulate clusters identified in the above analysis were driven by (i.e. present in) emerging adult studies, the ventrolateral PFC cluster was driven by developmental samples. These differences may arise from regional heterogeneity in trajectories of maturation across the brain during adolescence. For example, mentalizing and self-evaluative processes, as well as their associated midline structures are thought to continue to mature throughout the adolescent period (Burnett et al., 2011; Pfeifer and Peake, 2012) . While ventrolateral PFC and associated adaptive emotion regulatory capacities also show protracted development during this time (Crone and Ridderinkhof, 2011) , structural neuroimaging suggests that medial and lateral prefrontal regions may exhibit different developmental trajectories and thus attain adult-levels of maturity at different ages (Mills et al., 2014; Shaw et al., 2008; Tamnes et al., 2010) . As such, it is possible that younger adolescents are engaging in these higher order social cognitive and emotion regulatory processes differentially than emerging adults. However, it cannot be assumed that the latter group has NeuroImage 153 (2017) 359-368 completed maturation, as these processes likely continue to develop during early adulthood. We also acknowledge that only the ventrolateral PFC cluster was significantly different between developmental and emerging adult studies, and further, only when including two studies that incorporated both healthy and clinical samples. As such, further research (i.e. meta-analysis of a larger sample of empirical studies when more are conducted) is needed to corroborate these findings.
We also identified activation of the VS when children and younger adolescents experienced exclusion in the Cyberball paradigm, which was absent in emerging adults. This heightened VS activity during childhood and adolescence is interesting in relation to a recent metaanalysis that likewise found greater activity in VS during reward processing for children and adolescents (aged 8-19 years) than adults (Silverman et al., 2015) . Our results may therefore suggest that adolescent hyper-reactivity of VS is not limited to reward processing, and that this region may not be selective for the learning and prediction of rewarding outcomes (McClure et al., 2003; O'Doherty et al., 2004; 2003) . Consistent with our findings, studies have also reported activation of VS during cognitive reappraisal of negative stimuli (McRae et al., 2008; Ochsner et al., 2002 Ochsner et al., , 2004 van Reekum et al., 2007) . Although the exact mechanisms remain uncertain, Wager et al., (2008) found that ventrolateral PFC activation was positively correlated with that of the VS when engaging in cognitive reappraisal of aversive images, and VS activity mediated the relationship between ventrolateral PFC activation and reappraisal success (i.e. less negative emotional experience). We speculate that successful regulation of social exclusion, a type of aversive situation, may similarly involve the generation of positive appraisal via VS involvement, in addition to the traditional down-regulation of regions implicated in negative reactivity.
Analyses comparing the two most commonly employed Cyberball paradigms failed to reveal any significant differences between studies employing the traditional and alternating designs. Low power might have limited our ability to identify significant differences, given that differing results were present when examining the traditional and alternating studies separately. There are concerns in the field that these two paradigms might produce differing reactivity in relation to social exclusion. One hypothesis is that the alternating design might result in "spill-over" effects, such that reactivity associated with exclusion blocks might affect BOLD response in subsequent inclusion blocks (Sebastian et al., 2010a) , potentially diminishing neural differences between these conditions. Indeed, social exclusion can affect psychological states for extended periods following the experience, including ratings of selfesteem and meaningful existence up to 30 minutes later (Buelow et al., 2015) . On the other hand, there are also concerns that the traditional design might result in fluctuating levels of reactivity over the course of a prolonged period of exclusion, as highlighted by findings from electrophysiological studies (Kawamoto et al., 2013; Themanson et al., 2013) . This may act to increase noise in the BOLD response associated with the exclusion condition. Additional empirical studies are required to appropriately address this question. These would also benefit from the use of a non-social baseline condition, as opposed to the typically employed fair play (or inclusion) condition, as this would enable studies to potentially differentiate whether variations in task design influence response to either inclusion or exclusion blocks.
It is interesting to note that there is minimal overlap between our findings and Cacioppo and colleagues' (2013) prior meta-analysis of the Cyberball literature. Common activation was limited to one area, the left lateral OFC. While activation in this region was driven by the developmental samples in our analysis, the prior meta-analysis only included one such study on adolescents. Although both studies also identified activation within the ACC, our findings primarily lie within the subgenual portion, while their findings fall more rostrally (in what we consider to be primarily anterior rostral medial PFC). We hypothesise that these differences may be due in part to varying samples, as Cacioppo and colleagues only included 12 studies (nine of which overlapped with our sample), which can be attributed to the large number of studies published since their analysis (including almost 50% of studies in the current analyses). However, it is also possible that differences arose from the meta-analytic method employed, as they performed Multi-level Kernel Density Analysis (MKDA) that models activation with spheres and uses experiment counts (i.e. the count at each voxel represents number of overlapping studies) in comparison to ALE's 3-D Gaussians used to evaluate the probability of activity localization (Eickhoff et al., 2012) . We also failed to identify recruitment of two regions commonly associated in social exclusion: the anterior insula and dACC. While Cacioppo and colleagues (2013) found activation of the former region, neither meta-analysis identified involvement of the dACC despite the sizeable focus on the region within the literature on social pain. This perhaps speaks to the tendency for early findings to unduly influence future studies and interpretations, as potentially occurred with this region.
Indeed, the absence of dACC and anterior insula involvement in our results calls into question the hypothesis that the neural circuitry for physical pain was evolutionarily co-opted to increase the affective salience of social exclusion . As another challenge to this hypothesis, research using multivariate pattern analyses suggests distinct neural representations of physical pain and social rejection in the dACC and anterior insula, which are not distinguishable using traditional task-based fMRI contrasts (Woo et al., 2014) . While it is difficult to reconcile differing findings in the literature thus far, some studies continue to hypothesize activation of, particularly, the dACC in relation to social pain. Moreover, region-ofinterest analyses are frequently conducted in the dACC without supplemental whole brain analyses. At certain times, this occurs using lowered statistical thresholds, which are further biased towards confirmatory findings. Although involvement of both the dACC and anterior insula was identified when we lowered the statistical threshold for significance, our findings suggest that these regions are not identified as reliably and robustly across studies relative to other regions. This does not exclude the possibility that there are meaningful individual differences pertaining to the involvement of these regions.
Comparatively, it appears that regions commonly associated with social cognitive processing and emotion regulation are more likely to be activated during the experience of social exclusion.
The findings from the current study need to be considered within the context of methodological strengths and limitations. A major strength of this meta-analytic approach is that it weighs the contribution of each study based on sample size, thus minimizing sampling error. In addition, there is increased statistical power and sensitivity to identify effects when combining results across studies, as opposed to the findings of individual studies. However, we acknowledge that only the minimum number of studies necessary to obtain valid results were included in the developmental and alternating design analyses. This may be particularly problematic for identifying clusters of convergence in the developmental samples relative to the emerging adult samples, as well as in the alternating design samples as compared to the traditional design samples. Nevertheless, the fact that VS and ventrolateral PFC were consistently implicated in in younger adolescents suggests that it is likely a strong finding. While our analysis was constrained to dichotomizing sub-analyses into samples under and over 18 years of age given the characteristics of current studies, future meta-analyses would benefit from more detailed grouping (i.e. smaller age variance) once there is an adequate number of such studies, which would also enable us to investigate important developmental questions, such as the influence of puberty. Relatedly, we were unable to make inferences about potential similarities or differences between the neural correlates of Cyberball and other social exclusion paradigms given the limited number of studies employing these other tasks. Moreover, some of these other studies examined neural correlates underlying witnessing others being rejected (i.e. either using Cyberball variants, or viewing IAPS pictures or paintings of others being rejected). Although we included these studies in the Social Exclusion analysis, future meta-analyses should try to tease apart differences between being socially rejected and watching others being rejected when are there enough studies to examine these processes separately.
We were also unable to investigate gender differences because only two of the reviewed studies conducted such analyses. While some studies attempted to control for gender by recruiting an even number of males and females, among studies with an uneven gender distribution all but one failed to include this variable as a covariate in their analyses. This represents a valuable avenue for future investigation, particularly considering that sex differences have been identified in a range of social cognitive processes (Pavlova, 2016; Proverbio, 2017) . Meta-analyses of the effect of individual differences related to social sensitivity are another important area for future investigation, given that a meta-analysis focusing on the ACC found that self-reported distress was associated with the location of peak BOLD response within this region (Rotge et al., 2015) . It should also be highlighted that many studies met our inclusion criteria except for failing to report main effects. We emphasize the need for fMRI studies to report main effects, even if they are not of primary interest, to increase the statistical power of valuable meta-analytic approaches that improve our comprehension of the neuroimaging literature. Along the same lines, regular use of Neurovault (http://neurovault.org/) to share whole-brain statistical maps would enable us to engage in more sophisticated and powerful meta-analytic techniques, such as image-based meta-analysis, because they are not limited by varying thresholding methods (sometimes even within a single study) and reported peak coordinates (and can thus pick up on subthreshold effects that are consistently present across studies).
In conclusion, the current ALE meta-analysis of the neural correlates of social exclusion identified involvement of medial and lateral prefrontal cortices, as well as posterior cingulate cortices. We also identified varying patterns of brain activation in studies of younger adolescents compared to emerging adults, highlighting differences that may arise from continued maturation of the brain during adolescence. The use of such meta-analytic methodology helps bring together results in the literature to date, and empirically highlights the tendency of the field to focus on certain regions, such as the dACC, as playing an important role in social exclusion/rejection, despite other areas being more consistently implicated.
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